Fertilization and elimination of the paternal mitochondrial genome.
With rare exceptions, mammalian mitochondria are inherited through the female. This probably serves to minimize lethal cytoplasmic gene competition and to prevent the inheritance of sperm mitochondrial DNA that has been subject to degradation by free radicals. In general, organisms are intolerant of mitochondrial heteroplasmy and, when this occurs in humans, it frequently presents as progressive and lethal bioenergetic or neurological disease. The mitochondria of spermatozoa are specifically destroyed by proteolysis in early embryonic development, in mice at the 4- to 8-cell transition. While there are concerns in human assisted reproduction that microinjection of abnormal or immature sperm cells could lead to lasting harm in the offspring through transmission of abnormal mitochondria, there is no clinical evidence to support this. There is more potential for harm through attempts to 'rescue' poor quality oocytes by cytoplasmic or nuclear transfer, as it is not currently possible to control the final fate of the donated mitochondria in relation to nuclear-mitochondrial interactions or the embryonic axes. Moreover, the balance between nuclear and mitochondrial genes and the role of cytoplasmic factors in epigenesis are still poorly understood. The future challenge for biologists is to comprehend the nature of the selective destruction of paternal mitochondria, as it appears to be a species-specific recognition phenomenon.